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Abstract We present the ultraviolet (UV) imaging ob-
servation of planetary nebulae (PNe) using archival
data of Galaxy Evolution Explorer (GALEX). We found
358 PNe detected by GALEX in near-UV (NUV). We
have compiled a catalogue of 108 extended PNe with
sizes greater than 8′′and provided the angular diame-
ters for all the 108 extended PNe in NUV and 28 in
FUV from the GALEX images considering 3σ surface
brightness level above the background. Of the 108 PNe,
74 are elliptical, 24 are circular and 10 are bipolar in
NUV with most being larger in the UV than in the ra-
dio, Hα or optical. We derived luminosities for 33 PNe
in FUV (LFUV) and 89 PNe in NUV (LNUV) and found
that most of the sources are very bright in UV. The
FUV emission of the GALEX band includes contribu-
tion from prominent emission lines N IV] (1487 A˚), C
IV (1550 A˚), and O III] (1661 A˚) whereas the NUV
emission includes C III] (1907 A˚) and C II (2325 A˚) for
PNe of all excitation classes. The other emission lines
seen in low excitation PNe are O IV] (1403 A˚) and N III
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(1892 A˚) in FUV, and O II (2470 A˚) and Mg II (2830
A˚) in NUV. Similarly the emission lines O V (1371 A˚)
and He II (1666 A˚) strongly contribute in FUV for high
and medium excitation PNe but not for low excitation
PNe. A mixture of other emission lines seen in all ex-
citation PNe. We have also provided images of 34 PNe
in NUV and 9 PNe in FUV.
Keywords planetary nebulae:general, ultraviolet:general,
ultraviolet:stars
1 Introduction
The low and intermediate mass stars (1 - 8 M) during
the advanced stage of evolution go through the plane-
tary nebula (PN) phase. A PN consists of a hot, lu-
minous central star and an expanding glowing shell of
gas and dust. More than 3000 true and probable plan-
etary nebulae (PNe) have been detected in the Milky
Way which are catalogued by Acker et al. (1992) and
Parker et al. (2006). The central star of most of the
PNe (CSPNe) is a very hot object (T > 30 kK) which
is bright in ultraviolet (UV) and hence, UV observa-
tions explore the properties of these objects. The in-
tense UV light irradiates the material at the outer shell
of the stars and ionizes the atoms in the gas.
The appearance of the spectrum of a PN depends
upon temperature, luminosity, and chemical compo-
sition. Me´ndez (1991) suggested that the majority
of CSPNe can be classified in two distinct categories:
those for which stellar H features can be identified in
their spectra (hydrogen-rich) and those for which they
cannot (hydrogen-poor). The hydrogen-rich CSPNe be-
come DA-type white dwarfs while the hydrogen-poor
become DO-type white dwarfs at the end of their evo-
lutionary life (Werner & Herwig 2006). The determi-
nation of spectral types of CSPNe should help signifi-
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2cantly to improve our knowledge of their general evolu-
tionary scheme, making it possible to consider CSPNe
as physical objects with individual parameters and pe-
culiarities and not just as sources of ionizing radiation
(Weidmann & Gamen 2011).
The UV spectral region of PNe contains important
nebular emission lines due to carbon, nitrogen, silicon,
neon, argon, etc., and P-Cygni type stellar wind pro-
files of C IV, N V, etc., from the hot CSPNe. Forbidden
lines from ions such as the three and four times ionized
neon and argon enable one to probe the high temper-
ature regions of the PNe. UV spectra of large number
of PNe were studied with the International Ultravio-
let Explorer (IUE) satellite covering the wavelength re-
gion 1150 A˚ to 3200 A˚ (Boggess et al. 1980; Koppen &
Aller 1987; Heap 1997; Pauldrach et al. 2004; Herald &
Bianchi 2011; Keller et al. 2014, references therein) and
with the Far-Ultraviolet Spectroscopic Explorer (FUSE)
covering the wavelength region 905 A˚ to 1187 A˚ (Heap
& Augensen 1987; Guerrero & De Marco 2013; Herald
& Bianchi 2011; Keller et al. 2014). The important
spectral lines in the UV spectra of PNe are given in the
above mentioned papers. Boggess et al. (1980) have
also given absolute fluxes of several UV nebular emis-
sion lines for several PNe with excitation class ranging
from 1 to 10 with 10 being the highest. Recently, Rao
et al. (2018a,b) have studied UV structure of PNe NGC
6302 and NGC 40 using observation of Ultraviolet Imag-
ing Telescope (UVIT) onboard ASTROSAT.
Since CSPNe are hot post-AGB stars, they are easily
detected in the UV than in the optical images. Also, the
morphology of PNe in UV can be different from that in
optical as UV traces the hot gases in the inner regions of
the nebulae. It is important to compare the UV images
with their optical counterparts to understand the wave-
length dependent morphology of PNe. Many PNe show
bi-polar structures, collimated outflows, jets and knots.
The morphological classification of PNe depends upon
these structural appearances in the imaging surveys. In
recent years, several attempts have therefore been made
to classify the PNe samples observed by various narrow
and broad band imaging surveys (Balick 1987; Aaquist
& Kwok 1996; Manchado 1996, 2000; Parker et al. 2006;
Kwok 2010; Stanghellini et al. 2016; Weidmann et al.
2016).
The Galaxy Evolution Explorer (GALEX)1 UV sky
surveys in far-UV (FUV) and near-UV (NUV) have not
only observed a good census of hot source candidates
of the Milky Way (Bianchi et al. 2011; Pradhan et al.
2014) but also observed a significant sample of PNe.
1https://archive.stsci.edu/missions-and-data/galex-1/
The GALEX images of selected PNe contain the nebu-
lar UV emission (continuum + emission lines) and the
UV continuum from CSPNe (Bianchi et al. 2012b). In
some cases the contribution from the He II 1640 A˚ line
is also present. The FUV images do not include the N V
line. At 5′′ resolution of GALEX, the FUV and NUV
images of selected PNe are useful for studies of large
PNe where the deep sensitivity combined with low sky
background in FUV may reveal faint structures, shock
fronts, collimated outflows and morphology. Bianchi
et al. (2012a) have presented GALEX color-composite
images for a sample of 13 PNe.
The angular dimension is one of the most impor-
tant observational quantities used to characterize PN
(van Hoof 2003). They are required for the study of
crucial PN parameters such as linear dimensions, life-
times, distances and masses. Different observational
techniques and methods for measuring sizes give var-
ied results for the PNe. Several methods such as direct
measurements at 10% level of the peak surface bright-
ness, Gaussian deconvolution, second-moment decon-
volution, etc., have been used to measure the angular
dimensions of observed PNe (Tylenda et al. 2003). van
Hoof (2003) has made a thorough model analysis of
these methods for measuring partially resolved PNe.
2 Observations
The GALEX imaging surveys have scanned the sky in
FUV (1344 - 1786 A˚, λeff = 1538.6 A˚) and NUV (1771 -
2831 A˚, λeff = 2315.7 A˚) bands with a spatial resolution
of 4.2′′ and 5.3′′, respectively. Each GALEX image
has a 1.25◦ field of view and the size of each pixel in
an image is about 1.5′′. The details about GALEX is
described by Morrissey et al. (2007). The final release
of GALEX data is available in Mikulski Archive for
Space Telescope (MAST)2. This has covered about 75%
of the sky including the bright Galactic bulge and the
Magellanic clouds in a decade of GALEX operation.
Due to its high resolution and deep sensitivity, GALEX
data are well suited to study the large extended objects
like PNe.
We downloaded the Strasbourg-ESO catalogue of
Galactic PNe by Acker et al. (1992) and the MASH
catalogue of PNe by Parker et al. (2006). We used
GALEX CASjobs to search for their GALEX detec-
tions in the GALEX database using a search radius of
5′′. We found 358 PNe which have at least a GALEX
NUV detection. Most of the PNe that we found are
2http://archive.stsci.edu/
3compact for the GALEX resolution. So, we have cho-
sen only the extended PNe which have a diameter larger
than 8′′. Then we were left with 108 PNe in which 92
are from Acker et al. (1992) catalogue while 16 are from
the MASH catalogue. Most of these objects are from
All Sky Imaging Survey (AIS), except a few which are
from Medium Sky Survey (MIS), Nearby Galaxy Survey
(NGS), Nearby Imaging Survey (NIS) and GII survey
of GALEX. For some of the PNe, the CSPNe is not
hot enough to be detected in UV. However, 28 of the
extended PNe in our list have both the FUV and NUV
detections. We have shown all the 108 PNe in an Aitoff
projection in Galactic coordinates (Figure 1). The de-
tails of the 108 PNe have been consolidated in Table 1.
The description of columns in Table 1 are:
• Col. 1 - the generic PN G name taken from the
Strasbourg-ESO Catalogue (Acker et al. 1992) and
the MASH catalogue (Parker et al. 2006) of Galactic
PNe;
• Col. 2 - the common name as tabulated in MASH
catalogue (Parker et al. 2006) and Weidmann &
Gamen (2011);
• Cols. 3-4 - the equatorial coordinates (J2000) of the
PNe;
• Col. 5 - the extinction values from Schlegel et al.
(1998);
• Cols. 6-7 - the corresponding nebular NUV and
FUV luminosities of the PNe (extinction-corrected);
• Col. 8 - the spectral classification of the CSPNe are
taken from Weidmann & Gamen (2011);
• Cols. 9-10 - the estimated NUV and FUV angular
sizes in arcsecond;
• Col. 11 - the optical (V-band) size in arcsecond
obtained from Acker et al. (1992);
• Col. 12 - the Hα size in arcsecond obtained from
Frew et al. (2016); and
• Col. 13 - the morphology of the PNe. This is a
proper classification.
3 Results and Discussions
3.1 Size of the PNe in UV
A number of observational surveys have measured the
dimensions and structures of PNe at different wave-
lengths (Acker et al. 1992; Tylenda et al. 2003; Ruffle
et al. 2004; Frew et al. 2016). However, the intrinsic
morphology of PNe is not easily derived from the ob-
served images as it depends on factors such as the sen-
sitivity of the observing instruments, ionization struc-
tures, and the projection effect (Kwok 2010). PNe are
mainly studied in optical wavelengths (for e.g., Frew et
al. (2016) and the reference therein), however, multi-
wavelength observations are required to see how the
various structural components of PNe are manifesting
at different wavelengths.
We have determined the angular sizes for 108 PNe
in NUV and for 28 PNe in FUV. Initially, we used the
direct measurements at the 10% level of the peak sur-
face brightness but the GALEX images are very deep
and the nebular emission extends beyond 10% contour.
Hence, we measured the actual dimension of the nebula
considering a 3σ emission level above the background.
The NUV and FUV sizes (measured in arcseconds) are
provided in columns 9 and 10 of Table 1, respectively.
The values denoted are mostly in the format a × b,
where a, b are the semi-major and semi-minor axes re-
spectively. For some of the PNe candidates, the single
value of angular sizes refers to the round type PNe.
The effect of projection must be also taken into
account when extrapolating the two-dimensional in-
formation for the PN images to interpret the three-
dimensional morphology. A supposed prolate ellip-
soidal PN could be mistaken for a round, symmetric
type when viewed from an angle that is different (i.e.,
edge-on for a face-on and vice-versa). The same may
occur for a bipolar (B) type viewed face-on which may
cast a round (R) or elliptical (E) structure to the ob-
server. In order to find out the degree to which E-type
and B-type PNe could be confused with R-type PNe,
the probability of mistaking one of these PNe as R-
type has been taken into consideration. For instance,
the probability of perceiving an E-type as a R-type de-
pends on the axial ratio, the inclination angle, the size,
and the spatial resolution. According to the average
size of R types and our spatial resolution, we have clas-
sified R types as having axial ratios a/b ≤ 1.06 as per
the scheme in Manchado (2004).
Taking the method proposed by Manchado (2004)
a step further, we try to classify our nebulae based
on their NUV sizes either as round or elliptical. This
method uses only the values obtained for the angu-
lar extensions as semi-major and semi-minor axes, and
thus ignores the visual detection leading to categorising
some PNe as bipolar. Here, the morphology of PNe is
estimated from the axial ratio a/b. If 0.94 ≤ a/b ≤ 1.06
then the PNe is said to be round and if a/b > 1.06 it
is marked as an elliptical. We have therefore 24 round-
type and 74 elliptical identified by this analysis. With
our visual classifications, the other 10 candidates are
classified as bipolar. These morphological classes are
provided in the 13th column of Table 1.
3.2 Interpreting wavelength vs. size of PNe
The envelope surrounding the central star of PNe con-
sists of ionized, atomic, molecular, and dust compo-
4nents. These components exist in a range of temper-
ature from 100 K to 106 K. Hence the PNe radiate
strongly throughout the electromagnetic spectrum from
radio to X-ray and the dimensions of the PNe have been
measured in all these wavelengths. The dimensions of
the PNe solely depend upon the maximum extension of
the respective recorded emission. Larger extent of the
envelope is determined by the peak wavelength which
is inversely related to the effective temperature. The
variation of the angular size with respect to effective
wavelength is a relative measure of the extent of hot-
ness of the CSPNe.
Out of the 108 PNe, the data for the angular sizes are
available for 81 in optical (V band) (Acker et al. 1992),
48 in Hα (Frew et al. 2016) and 28 in FUV band of
GALEX (Table 1). We found 24 PNe in the list which
have angular sizes data in four wavelength bands i.e.,
in FUV (1538.6 A˚), NUV (2315.7 A˚), V (5448 A˚) and
Hα (6562.8 A˚). We do not see any systematic trend in
variation of size with wavelength (Figure 2). The PNe
show a clear-cut decrease in sizes from FUV to NUV
indicating that the PNe are brighter in FUV than NUV
band. However, this decreasing trend is not followed
further with increase in wavelengths for all the PNe.
Again there is a mild increase in sizes seen from V to
Hα band for almost all 24 PNe as the envelope of all
PNe are rich in strong Hα emission lines. The sizes in
all four bands are approximately in a span of 10 to 100
arcsecs except a few deviations.
3.3 Intrinsic luminosities of PNe
The integrated fluxes of the PNe in FUV and NUV
bands of GALEX are calculated using the methods de-
scribed in Kwok (2008) and Zhang et al. (2012). Two
individual diaphragms of same sizes have been consid-
ered for the purpose: one is used to measure the flux
(FN) on the nebula covering the entire nebular exten-
sion in the image and the other diaphragm is used to
measure the background flux. The background flux has
been calculated at three different random blank loca-
tions of each image to minimize the errors and then the
average of the three measurements is subtracted from
FN to obtained the observed total integrated nebular
flux of the PNe. This integrated flux includes the flux of
the central star, nebular emission and the contribution
from the emission lines.
The observed UV flux for each of the planetary neb-
ulae includes the intrinsic flux and the effect of inter-
stellar extinction. The visual extinction for the PNe
is taken from Schlegel et al. (1998) maps and then
using the extinction law from Cardelli et al. (1989),
the extinction coefficients, AFUV = 8.16× E(B-V) and
ANUV = 8.90 × E(B-V) have been calculated. The in-
trinsic FUV and NUV luminosities (LFUV and LNUV)
for the PNe are calculated from the intrinsic fluxes
(FFUV and FNUV) obtaining the nebular distances from
GAIA database3 (Bailer-Jones et al. 2018), Frew et al.
(2016) and Acker et al. (1992). We have determined
LFUV for 33 PNe and LNUV for 89 PNe depending on
the availability of distance for our sample (Table 1).
The luminosities for the PNe are found to lie within
the range of 8.02 × 1029 erg/s to 4.72 × 1035 erg/s in
FUV and 2.71×1028 erg/s to 2.01×1036 erg/s in NUV
band.
It is seen from Table 1 that the LFUV is higher than
the LNUV when we compare the luminosities of the PNe
for which observation in both the bands exists. Weid-
mann & Gamen (2011) have confirmed with their spec-
troscopic analysis that most of the central stars of PNe
are OB type and emission line stars. The CSPNe tem-
perature ranges from 40 to 120 kK and emit bulk of
their fluxes in UV. When we compare the luminosity
in two filters of the GALEX, it shows that the LFUV
is higher than the LNUV despite the FUV filter hav-
ing narrower bandwidth than the NUV filter. Most of
the UV radiation of the PNe is dominated by its cen-
tral star and the higher value of LFUV indicates that
the CSPNe are brighter in FUV than NUV. In Fig-
ure 3, we plot NUV angular size (column 9 of Table
1) versus NUV luminosity (column 6 of Table 1) for
89 PNe. Both these quantities are measured from the
GALEX images. The Figure 3 shows that the LNUV of
the PNe falls in a relatively narrow range and does not
vary much with the angular size. Again, this indicates
that the contribution of the CSPNe is much more than
the nebular continuum emission to the total integrated
flux of the PNe. Hence, with increase in angular size
the luminosity of PNe does not increase much.
Similar to Figure 1 in (Weidmann & Gamen 2011),
we show the distribution of the GALEX NUV lumi-
nosities as a function of the morphological classes –
elliptical (E), round (R) and bipolar (B) in Figure 4.
We see that in our sample the elliptical-types are twice
as populated compared to the round type and thrice as
compared to the bipolar type. Also, the ellipticals span
in a large range in LNUV as compared to the other two
types.
We divide our sample into two sub-samples, one con-
taining the nebulae with core [WR] and another con-
taining PNe with nuclei O-type to study if there is
any difference between the parameters of both the sub-
samples, especially their UV morphology and NUV lu-
minosity (see Figure 5). In general, we do not find any
3https://gea.esac.esa.int/archive/
5major difference between the two populations. We have
an uneven sample with a relatively higher number of
sources with elliptical morphology than the other two
morphological classes. In all the three kinds of mor-
phology (elliptical, round and bipolar) there are more
sources with O-type than W-type (in elliptical: by 19%,
in round: by 43%, in bipolar: by 33%). The W-type
have a large spread in the NUV luminosities. On the
other hand O-type are more localized between LNUV =
1030 - 1033 ergs s−1.
It is also anticipated that the stellar wind of the
sources with high value of FUV flux may produce X-ray
emission in its proximity. Feldmeier et al. (1997) the-
oretically predicts that instabilities in the line-driven
stellar winds from CSPNe may also produce X-ray
emitting shocks in immediate vicinity of the central
star (O-stars). It is also demonstrated that the X-
ray fluxes from shocks are necessary to explain the
UV emission from high ionization species of oxygen
(O VI and O VII) in the coolest CSPNe and can also
play a role at higher CSPN temperatures (Herald &
Bianchi 2011; Kaschinski et al. 2012; Guerrero & De
Marco 2013). Recently there have been several ob-
servations of PNe by Chandra X-ray observatory and
XMM-Newton which have discovered both X-ray dif-
fuse and point like observations (Soker & Kastner 2003;
Kastner et al. 2012; Freeman et al. 2014; Montez et al.
2015). We found six X-ray detections in our sample
(PN G066.7−28.2, PN G083.5+12.7, PN G096.4+29.9,
& PN G165.5−15.2 from Montez et al. (2015), and PN
G084.9−03.4, and PN G226.7+05.6 from Soker & Kast-
ner (2003)), which contain point-like sources. The X-
ray luminosities for the sources, that are likely to be
coming from the CSPNe are measured. We found that
the derived LFUV/NUV are 1 − 3 orders more than the
corresponding X-ray luminosities. The higher value of
UV luminosity than the X-ray might be due to the fact
the UV emission is integrated emission coming from the
entire extended PN as compared to the very compact
CSPNe that gives rise to the bulk of X-ray emission.
3.4 IUE spectra of PNe and GALEX filters
The UV analysis of CSPNe has been made for about
300 PNe using the spectra obtained by IUE (Heap &
Augensen 1987; Koppen & Aller 1987; Heap 1997; Paul-
drach et al. 2004; Herald & Bianchi 2011; Keller et al.
2014). We found several of the PNe detection in our
GALEX sample have IUE 4 spectra which are useful in
explaining the nature of UV emission in the GALEX
4https://archive.stsci.edu/iue/
bands. The GALEX FUV band is completely con-
tained in IUE SWP band (1150 - 1980 A˚) whereas
NUV band is split between the LWR (1850 - 3300 A˚)
and SWP of IUE. In order to compare the GALEX
NUV images with IUE spectra of PNe, the SWP and
LWR spectra are joined into a single spectrum setting
the matching wavelength at 1975 A˚. Instead of showing
all the 42 IUE spectra available for our PNe sample, we
have shown nine spectra three each from low, medium
and high excitation PNe (Figure 6, 7 and 8, respec-
tively). The information regarding the excitation class
of the PNe is taken from Gurzadyan & Egikian (1991).
Since GALEX and IUE have almost similar wavelength
coverage, we have displayed the filter response curves of
GALEX FUV and NUV filters on each of the combined
IUE spectra. We observed numerous UV emission lines
in the IUE spectra of PNe. The list of emission lines
which contribute to the UV fluxes in GALEX bands
are categorically mentioned for the PNe of different ex-
citation classes as follows.
1. Low excitation PNe (Figure 6): The emission
lines that contribute to the flux of GALEX FUV band
are O IV] (1403 A˚), N IV] (1487 A˚), C IV (1550 A˚),
O III] (1661 A˚) and N III (1892 A˚) whereas the lines
that contribute to the flux of GALEX NUV band are
C III] (1907 A˚) and C II (2325 A˚), O II (2470 A˚), Mg II
(2830 A˚) and He I (2830 A˚). The C IV and C III] lines
are the strongest lines in FUV and NUV, respectively,
which might be contributing more than the other lines
in the respective bands. However, there are many other
lines that contribute to the fluxes in both the bands but
they are not common in all the three PNe as shown in
Figure 6.
2. Medium excitation PNe (Figure 7): The emis-
sion lines that contribute to the flux of GALEX FUV
band are N IV] (1487 A˚), C IV (1550 A˚), He II (1661 A˚)
and O III] (1661 A˚) whereas the lines that contribute
to the flux of NUV band are C III] (1907 A˚) and C II
(2325 A˚). There are many other lines that contribute to
the fluxes in both the bands but all these lines they are
not common in all the three PNe as shown in Figure 7.
3. High excitation PNe (Figure 8): The emission
lines that contribute to the flux of FUV band are N
IV] (1487 A˚), C IV (1550 A˚), He II (1661 A˚) and O
III] (1661 A˚) whereas the lines that contribute to the
flux of NUV band are C III] (1907 A˚), He II (2252 A˚),
[O II] (2470 A˚), He II (2734 A˚) and [Mg V] (2784 A˚).
Similar to the two cases mentioned before, there are
many other emission lines which are not common in all
three spectra but they do contribute to the fluxes in
both the bands.
However, there are dissimilarities even among the
spectra of PNe of similar excitations in the sense that
6some of the emission lines are not common for all. So,
the contribution of a particular emission line to the neb-
ular emission of PNe of different excitation classes may
or may not be same and depends on the individual PNe.
Again the diameter of most of the PNe in our sample
are larger than the large entrance aperture of the low
resolution IUE observations, therefore, the IUE spec-
tra include the central star and a small part of the neb-
ula. Whereas, the GALEX images include the central
star and nebular continuum along with nebular emis-
sion lines.
3.5 GALEX images of selected PNe
In the sample of 108 extended PNe, we have provided
contour images of 34 PNe in NUV and in FUV (Figures
9, 10, 11, 12 and Figure 13) which show rich structures.
The contour maps at both the bands are in logarithmic
scale of intensity. The central levels are at the high-
est value of intensity with the trend decreasing towards
the external contours. The various contour levels show
the structures of PNe in UV. The near-concentric con-
tours in the case of FUV relative to that of its NUV
counterpart is the characteristic of the dominating flux
- the extension at the two wavelength regimes, wherein
the peak in the intensity value in the FUV can be at-
tributed to the relative hotness of the CSPNe. Re-
cently, Weidmann et al. (2016) have provided the [N
II] narrow band images of 108 PNe along with their
brief morphology. Eight sources (PN G014.8−25.6, PN
G226.7+05.6, PN G 239.6+13.9, PN G 243.8−37.1, PN
G249.8+07.1, PN G 309.0−04.2, PN G 334.3−09.3, and
PN G 353.7−12.8) from their catalog match with our
sample. We show the comparison for five of the eight
sources with NUV morphology in Figure 14. The rich
morphological features of the PNe in GALEX NUV
band are nicely discernible as compared to the [N II]
narrow band images.
We performed a similar comparison for HST images
from Sahai et al. (2011). Among the 22 sources found
common, only 3 showed significant level of details in
their contour images to be compared - PN G082.5+11.3,
PN G100.0−08.7 and PN G325.8−12.8. (see Figure 15).
The first and the third sources were found to belong to
elliptical class, but the second source showed dramati-
cally different morphology (bipolar instead of elliptical,
as per the corresponding HST image.
4 Conclusions
We have identified about 358 PNe detected by GALEX
observation and provided a catalog of angular sizes in
NUV for 108 and in FUV for 28 of them. A comparative
study of angular sizes against effective wavelengths in
four distinct wavelength bands is given for 24 extended
PNe. Using axial-ratio method, we have discussed mor-
phological classification of the PNe in NUV. Depending
on the availability of distance to the PNe, the intrinsic
luminosities are calaculated for 89 PNe in NUV and for
33 PNe in FUV. We also found that the LNUV of the
PNe falls in a relatively narrow range and does not vary
much with the angular size suggesting that the domi-
nant contribution to the integrated UV flux of the PNe
comes from the central star. The higher value of LFUV
than the LNUV indicates that the PNe are brighter in
FUV than NUV. We did not find any difference in pa-
rameters such as luminosity, morphology and size be-
tween two sub-samples, one containing the nebulae with
core [WR] and another containing PNe with nuclei O-
type. We have presented contour images for 34 PNe
in NUV and for 9 PNe, their respective FUV contours
are over-plotted over the corresponding NUV images.
We anticipate that these images and size information
in UV will provide clue to future research in PNe.
The nebular emission in the GALEX FUV band is
attributed to prominent emission lines N IV] (1487 A˚),
C IV (1550 A˚), and O III] (1661 A˚) and the emission
in the GALEX NUV band is attributed to C III] (1907
A˚) and C II (2325 A˚) for PNe of all excitation classes.
Apart from these lines, there are many other emission
lines that contribute to the FUV and NUV in all exci-
tation classes. However, it is not possible to disentangle
the central star UV continuum and contribution from
the nebular emission lines because of low resolution of
the GALEX images. Also, the accounting of the differ-
ent contributions to the net integrated fluxes of the PNe
detected in GALEX requires proper ionization model-
ing which is out of the scope of this paper.
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Fig. 1 Distribution of the 108 extended PNe detected in NUV band of GALEX is shown in an Aitoff projection in Galactic
coordinates.
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Fig. 2 Angular size distribution for 24 planetary nebulae across 4 distinct wavelengths regimes: FUV (1528 A˚), NUV
(2271 A˚), V-Band (5408 A˚) and Hα (6562.8 A˚). The angular sizes are taken from this paper (FUV and NUV), Acker et al.
(1992) (V-Band) and Frew et al. (2016) (Hα).
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Fig. 3 The NUV luminosity is plotted against the NUV angular size for 89 PNe. For the non-spherical PNe, the average
values of the major and minor axes are used.
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Fig. 4 Stacked histogram showing the distribution of NUV luminosity for the 89 PNe. The colors denote the three
morphological classes - elliptical (E), round (R) and bipolar (B).
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Fig. 5 Histograms showing the distribution of (a) NUV luminosity and (b) the type of morphology for two subsamples –
O-type (N = 20) and W-type (N = 12). The acronyms for the three morphological classes are same as in Fig. 4.
16
Fig. 6 IUE spectra of three low excitation PNe (PN G027.6-09.6, PN G111.8−02.8, and PN G166.1+10.4) which are
smoothen by three points. The strong emission lines are marked. The green solid and dashed lines are the effective area
curves of GALEX FUV and NUV filters, respectively.
17
Fig. 7 IUE spectra of three medium excitation PNe (PN G037.8−06.3, PN G096.4+29.9, and PN G165.5−15.2 ) which
are smoothen by three points. The strong emission lines are marked. The green solid and dashed lines are the effective area
curves of GALEX FUV and NUV filters, respectively.
18
Fig. 8 IUE spectra of three high excitation PNe (PN G066.7−28.2, PN G083.5+12.7 and PN G358.3−21.6) which are
smoothen by three points. The strong emission lines are marked. The green solid and dashed lines are the effective area
curves of GALEX FUV and NUV filters, respectively.
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Fig. 9 NUV images of selected PNe with NUV contours (10 levels and smoothness parameter 2). From left to right, top
to bottom: (1) PN G013.3+32.7; (2) PN G061.9+41.3; (3) PN G066.7−28.2; (4) PN G072.7−17.1; (5) PN G081.2−14.9;
(6) PN G082.5+11.3; (7) PN G083.5+12.7; (8) PN G084.9−03.4; (9) PN G096.4+29.9. The scale bars below are 4′′.
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Fig. 10 NUV images of selected PNe with NUV contours (10 levels and smoothness parameter 2). From left to right, top to
bottom: (10) PN G100.0−08.7; (11) PN G106.5−17.6; (12) PN G107.6−13.3; (13) PN G120.0+09.8; (14) PN G165.5−15.2;
(15) PN G166.1+10.4; (16) PN G190.3−17.7; (17) PN G208.5+33.2; (18) PN G222.1+03.9. The scale bars below are 4′′.
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Fig. 11 NUV images of selected PNe with NUV contours (10 levels and smoothness parameter 2). From left to right, top to
bottom: (19) PN G231.8+04.1; (20) PN G234.8+02.4; (21) PN G239.6+13.9; (22) PN G243.8−37.1; (23) PN G249.0+06.9;
(24) PN G270.1+24.8; (25) PN G286.8−29.5; (26) PN G291.3+08.4; (27) PN G309.0−04.2. The scale bars below are 4′′.
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Fig. 12 NUV images of selected PNe with NUV contours (10 levels and smoothness parameter 2). From left to right, top to
bottom: (28) PN G310.3+24.7; (29) PN G325.8−12.8; (30) PN G327.7−05.4; (31) PN G334.3−09.3; (32) PN G341.6+13.7;
(33) PN G353.7−12.8; and (34) PN G358.3−21.6. The scale bars below are 4′′.
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Fig. 13 NUV images of selected PNe with FUV contours (10 levels and smoothness parameter 2). From left to right, top
to bottom: (1) PN G066.7−28.2; (2) PN G081.2−14.9; (3) PN G096.4+29.9; (4) PN G120.0+09.8; (5) PN G239.6+13.9;
and (6) PN G358.3−21.6. The scale bars below are 4′′.
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Fig. 14 Comparing common PNe images in [N II] (Weidmann et al. 2016; on the left) and NUV (this paper; on the right)
with respective contours (from top to bottom): (1) PN G239.6+13.9; (2) PN G243.8−37.1; (3) PN G309.0−04.2; (4) PN
G334.3−09.3; and (5) PN G353.7−12.8. The scale bars below are 4′′ only shown for the NUV images.
25
Fig. 15 Comparing common PNe images in NUV (this paper; on the left) and HST (Sahai et al. 2011; on the right) with
respective contours (from top to bottom): (1) PN G082.5+11.3; (2) PN G100.0−08.7; and (3) PN G325.8−12.8. The scale
bars below are 4′′ for the NUV images and 1′′ for the HST images.
